ZEMKOVÁ, Ľ., HLUŠEK, J., LOŠÁK, T., JŮZL, M., ELZNER, P.: The eff ect of selenium application to the soil on the sulphur and phosphorus content in potatoes. Acta univ. agric. et silvic. Mendel. Brun., 2008, LVI, No. 5, pp. 243-250 In a small-plot trial with potatoes were applied increasing doses of selenium to the soil (0, 12, 24, 48 and 72 kg Se . ha ) and a er harvest were explored the content of selenium, phosphorus and sulphur in raw tubers and in the tops. The trials were conducted in two localities -Žabčice and Valečov using the semi-early variety Ditta. Selenium was applied to the soil in the form of sodium selenite before planting the potatoes. Chemical analyses discovered that with the applied dose the level of se lenium increased in both tubers and tops and that the correlation between the applied selenium dose and its content in tubers and tops was signifi cant (α < 0.05) and positive (r = 0.885 and r = 0.908, respectively). With an increasing dose of selenium the reduction in the level of sulphur in the tops (r = −0.872, α < 0.05) was statistically signifi cant. In both localities the range of the sulphur levels in tubers was very narrow, i.e. 0.16-0.18%, and the eff ect of the selenium dose was not signifi cant. The phosphorus content in tubers and tops did not change signifi cantly a er application of a dose of up to 48 kg Se . ha −1
selenium, doses, potatoes, phosphorus, sulphur, interaction Selenium is an essential element for humans and animals. Many studies have shown that the worldwide consumption of selenium is insuffi cient. Lyons et al. (2005a) proved that many South Australians consume inadequate amounts of Se to maximise selenoenzyme expression and cancer protection. Deprivation of Se is associated with impaired antioxidant protection (Combs, 2001) . Clark et al. (1996) detected that patients treated with Se had signifi cant reductions in total cancer incidence and in total cancer mortality. Most papers published in China focused on the relationship between environmental Se defi ciency and Keshan Disease and reported that the incidence of Keshan Disease is closely associated with very low dietary intake of Se (Fang et al., 2002; Tan et al., 2002; Ge and Yang, 1993) . Reilly (1998) mentioned other diseases related with Se defi ciency and remarked that dietary intake of Se in the UK is reduced. Lintschinger et al. (2000) mentioned that Se supply in Austria and Germany is below the recom men ded daily intake as well. Data determined by Kvíčala et al. (1995) showed that the Czech Republic belongs among the countries with low Se intake.
Agronomic fortifi cation off ers an eff ective strategy to increase the Se content in plant production. Applying Se-enriched fertilizers to crops is an eff ective preventive technique against the Keshan Disease in children in China (Fang et al., 2002) . Broadley et al. (2006) mentioned that Se intake in the UK population can be increased in the short term through agronomic biofortifi cation. In Finland all agricultural multinutrient fertilisers have been supplemented with Se since 1984 in order to increase the Se content in domestic foods and to raise the dietary Se intake of consumers (Eurola et al., 1991) . Many studies showed that Se application enhanced the Se content in plants. For their trials Liu et al. (2004 ) used rice, El Ghanam (2004 soybean plants, Vinay-Singh and Malik (1990) berseem, Lyons et al. (2005b) and Ducsay and Ložek (2006) wheat, Kopsell and Randle Ľ. Zemková, J. Hlušek, T. Lošák, M. Jůzl, P. Elzner (1997) and Barak and Goldman (1997) onion, Toler et al. (2007) Brassica oleracea, Munshi and Mondy (1992) and Poggi et al. (2000) potatoes. Lintschinger et al. (2000) showed that a signifi cant accumulation of Se was possible in wheat, alfalfa and sunfl ower seeds during sprouting in a solution containing Se and that these sprouts might provide the starting material for fortifi ed cereal-based diets.
An interaction between selenium and some of the elements is expected. The chemical and physical properties of selenium are very similar to those of sulphur (Barker and Pilbeam, 2007; Kabata-Pendias and Pendias, 2000; Reilly, 1998) . Increasing levels of selenium in plants may suppress the tissue concentrations of nitrogen, phosphorus and sulphur. It can also inhibit the absorption of heavy metals (KabataPendias and Pendias, 2000) . Vinay-Singh and Malik (1990) detected that applied Se decreased P and S uptake. Furthermore, absorption and utilisation of Se decreased in the presence of S and P. Kopsell et al. (2000) proved that Se enrichment decreased the P content in leaf tissue, but the S content increased with increasing Se treatment. In another study, a low concentration of Se enhanced S uptake and accumulation as well (Kopsell and Randle, 1997) . Li and Zhu (2007) found that the S content in shoots was not infl uenced by added Se concentration, but that the Se content in shoots considerably decreased by in creasing the S supply. In another study (Barak and Goldman, 1997) discovered that an addition of Se to the solution culture reduced S uptake by the plant, and Se uptake was suppressed by increasing the S concentration in solution culture. That indicated a competitive relationship between these two elements.
On the contrary, a synergistic interaction between Se and S was reported by Rani et al. (2005) , Mikkelsen (1988) , Mikkelsen and Wan (1990) , White et al. (2004) , Toler et al. (2007) , Charron et al. (2001) . Lyons et al. (2005b) confi rmed these results but remarked that a high concentration of Se in the soil may inhibit S transport.
A few authors investigated the relationship between selenium and phosphorus. Although mutual interaction is not expected, interesting results were achieved. The interaction between selenium and phosphorus was evident (Liu et al., 2004) . He et al. (1994) found out that applied P decreased selenite sorption by ryegrass and that P sorption decreased with an increasing concentration of Se in the initial solution. El Ghanam (2004) found that P uptake by soybeans was signifi cantly but negatively aff ected by increasing levels of applied Se. Li et al. (2008) stu died the eff ect of P starvation on Se uptake in a hydroponics experiment. They found that P starvation increased Se uptake and suggested that P competitively inhibited Se absorption by the wheat root. Rani et al. (2005) found that the application of Se had no signifi cant eff ect on the P content of diff erent cropsmaize, wheat and rice, except the raya crop.
In the present study we applied diff erent doses of selenium into the soil and compared the selenium content in tubers and tops. The next objective was to explore the possible eff ect of supplied selenium on the content of sulphur and phosphorus in potato tops and tubers. In our experiment we used potatoes because they are an important component of the human diet in the Czech Republic.
MATERIAL AND METHODS
The fi eld experiments were conducted in two localities in the Czech Republic -Valečov (460 meters above sea level) and Žabčice (184 meters above sea level) in 2006. The important agrochemical charac te ris tics of soils are shown in Tab. I. Soil samples were analysed according to Mehlich III (CH 3 COOH, NH 4 NO 3 , NH 4 F, HNO 3 and EDTA). The content of phosphorus was determined by UV-vis spectrophotometry, potassium by atomic emission spectrometry, magnesium and calcium by atomic absorption spectrometry. The content of selenium was determined by atomic absorption spectrometry in an extract of 2M HNO 3 . . Range of Se-doses was proposed to detect and emphasize potential diff erences between smaller and higher doses of selenium on the studied cha ra c teris tics. Therefore in the trial were used high doses of selenium -48 and 72 kg Se . ha −1 , but this amount is not used in agricultural practise. The experiments were established in four replications and the semiearly variety Ditta was used for the trials. The potatoes (Solanum tuberosum) were planted in April/May, spacing was 750 × 250 mm and the size of one plot was 20.25 m 2 . Selenium was applied in the form of a sodium selenite solution on the soil surface two days before planting and then selenium was mixed with the topsoil during soil preparation. Samples for chemical analyses were collected at the time of consumer ripeness, in this case a er 99 days of vegetation. The tops were washed, dried at 60 °C in the labo ra to ry drier and homogenized in the laboratory grinder. The samples of tubers were washed, peeled, cut and a er drying the samples were homogenized. A er preparation the samples were mineralized in a mixture of HNO 3 and H 2 O 2 in the microwave system. A er decomposition the content of selenium was analysed by atomic absorption spectrometry The eff ect of selenium application to the soil on the sulphur and phosphorus content in potatoes 245 and sulphur and phosphorus by inductively coupled plasma optical emission spectrometry (ICP-OES). The data were statistically analysed using the soware STATISTICA 7.0. Subsequent tests of the differences were performs according to Tuckey's test.
I: Agrochemical characteristics of the soil (mg.kg −1 ) in two localities

RESULTS AND DISCUSSION
Applications of selenium dose ranging from 0 to 72 kg Se . ha −1 increased the selenium content in the studied samples; in potato tubers in the Žabčice and Valečov localities by 0. Li and Zhu (2007) also discovered that a er the applications of increasing doses of selenium the Se content in the plant increased statistically signifi cantly. Kopsell et al. (2000) , Randle (1997), El Ghanam (2004) , Liu et al. (2004) and White et al. (2004) achieved the same results. Also Vinay-Singh and Malik (1990) confi rmed that the content of Se increased in Trifolium alexandrinum a er soil application of 0 to 20 ppm Se. Rani et al. (2005) applied various doses of selenium ranging between 0 and 25 μg.g −1 to the soil and in diff erent crops they achieved a multiple increase in the Se content. Lyons et al. (2005a) applied selenium in the form of sodium selenate in doses ranging from 4 to 120 g Se . ha −1 and dis co vered as much as a 133-fold increase in the concentration of selenium in wheat; they recommend biofortifi cation as an eff ective method of production of wheat which has a favourable eff ect on the health of the population. Munshi and Mondy (1992) applied sodium selenite in doses ranging between 0 and 5.6 kg . ha −1 and discovered a considerable increase in the selenium level in potato tubers. A er the application of 0 to 72 kg Se . ha The content of sulphur in potatoes was also monitored a er the soil application of selenium. The content of sulphur in potato tops was found to be statistically signifi cantly infl uenced by the applied selenium dose (α < 0.05). Tab. III shows the significant diff erences among the treatments of selenium fertilisation; with increasing doses of selenium in the soil the sulphur content in potato tops significantly decreased. The correlation coeffi cient equals r = −0.872 at a level of signifi cance of α < 0.05. In the Se-untreated variant the sulphur content in the tops was 0.48% and 0.49% in Žabčice and Valečov, respectively. In the treatment where 72 kg Se . ha −1 was applied it decreased to 0.26% and 0.29%, respectively. A statistically signifi cant eff ect of the applied dose of selenium on the sulphur content was moni to red in potato tubers in the Žabčice locality. After the application of the highest dose of selenium to the soil the sulphur content in tubers decreased signifi cantly, i.e. to 0.16% compared to 0.17-0.18% in the other variants. In the Valečov locality this trend was not confi rmed although the range of the sulphur contents was identical, i.e. 0.16-0.18% of sulphur. At the same time no statistically signifi cant correlation was detected between the applied Se dose and S content in potato tubers.
The decrease in the sulphur content in potato tops with increasing selenium doses seen in our experiment is in accordance with Vinay-Singh and Malik (1990) , Kabata-Pendias and Pendias (2000) who alleged that the application of selenium reduced plant uptake of sulphur. Also Barak and Goldman 246 Ľ. Zemková, J. Hlušek, T. Lošák, M. Jůzl, P. Elzner (1997) proved that an addition of Se to a culture solution at a constant level of S reduced S uptake which dropped from 5.1 mg/plant at 1 g.m −3 Se-treatment to 1.2 mg/plant at 8 g.m −3 Se-treatment. By contrast our results are at variance with Kopsell et al. (2000) who indicated that the sulphur content in rape leaves increased with increasing doses of applied selenium. Mikkelsen (1988) also discovered a synergistic effect between Se and S. Tissue S increased from less than 3 g S.kg −1 to over 10 g S.kg −1 a er the addition of 1 mg Se.l −1 . The conclusions of Toler et al. (2007) showed that Se concentration in the nutrient solution was positively correlated with S uptake in the plants. The content of S in Brassica oleracea leaves increased from 1.2% to 1.8%. Similarly White et al. (2004) discovered a statistically signifi cant increase of the S content in the model plant Arabidopsis thalia na with an increasing Se content in the growth agar, but this does not correspond with our results. Rani et al. (2005) proved that the sulphur content of diff erent plant tissues increased with the application of Se and signifi cant positive correlation coeffi cient values were recorded between the Se and S content in plants. This is at variance with our results. Lyons et al. (2005b) reported an increasing concentration of sulphur with increasing doses of selenium in wheat leaves. However, they pointed out that doses of more than 40 mg Se . kg −1 might inhibit sulphur uptake. Conclusions of Li and Zhu (2007) indicated that the sulphur content in the plant was not infl uenced by the application of selenium; this corresponds with our results observed in potato tubers in the Valečov locality.
Tab. IV shows the content of phosphorus in potato tubers and tops in both localities. Compared to the control treatment the phosphorus content in tubers supplied with the highest dose of selenium in the soil decreased statistically signifi cantly on both localities (Tab. IV). There was no diff erence in the phosphorus content among the other treatments. In the Žabčice locality the phosphorus content in the tops fl uctuated within a narrow range of 0.14-0.18% and in the Valečov locality between 0.16-0.21%. Selenium doses aff ected the phosphorus content in both tops and tubers. Likewise a statistically signifi cant negative correlation was dis cove red between the applied Se dose and P content in potato tubers (r = −0.688) and tops (r = −0.569) at α < 0.05.
III: The sulphur content (% DM) in potatoes
Dose of Se (kg.ha Results published by Vinay-Singh and Malik (1990), Kopsell et al. (2000) and He et al. (1994) showed that the phosphorus content in plants decreased with increasing selenium treatments. This corresponds with our results saying that with higher doses of selenium the phosphorus content decreased in both tops and tubers. El Ghanam (2004) found that P uptake was signifi cantly, but negatively, aff ected by increasing levels of applied Se; this corresponds with our results. However, the conclusions of Rani et al. (2005) are at variance with our fi ndings. They observed that the application of Se did not have a signifi cant eff ect on the P content in wheat, rice and maize.
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SUMMARY
In a small-plot trial with potatoes were applied increasing doses of selenium to the soil and a er harvest were determined the content of selenium, phosphorus and sulphur in raw tubers and in the tops. The trials were conducted in two localities -Žabčice and Valečov using the semi-early variety Ditta. Selenium was applied to the soil in the form of sodium selenite at the following rates: 0, 12, 24, 48 and 72 kg Se . ha −1 . Samples for chemical analyses were collected a er 99 days of vegetation. The applied dose of selenium increased the content of selenium in both tubers and tops and the correlation between the applied selenium dose and its content in tubers and tops (r = 0.885 and r = 0.908, respectively) was signifi cant (α < 0.05) and positive. A er comparison of analysed parts, i.e. tubers and tops, a higher content of selenium was detected in the tops. The next objective of trial was to fi nd out the effect of applied selenium on the content of sulphur and phosphorus in potato tops and tubers. With an increasing dose of selenium the reduction in the sulphur content in the tops was statistically signifi cant (r = −0.872, α < 0.05). In the Se-untreated variant the sulphur content in the tops was 0.48% and 0.49% in Žabčice and Valečov. In the treatment with the highest dose of selenium the sulphur content decreased to 0.26% and 0.29%, respectively. In both localities the range of the sulphur levels in tubers was very narrow, i.e. 0.16-0.18%. Compared to the control treatment the phosphorus content in tubers and tops supplied with the highest dose of selenium in the soil decreased statistically signifi cantly, but the phosphorus content did not change signifi cantly a er application of a dose of up to 48 kg Se . ha
The results show that targeted soil supplementation of selenium can increase its content in potato plants and that as an important part of the population diet may ensure higher selenium uptake. It was also proved that selenium may aff ect the content of phosphorus and sulphur in the plant.
SOUHRN
Ovlivnění obsahu síry a fosforu u brambor po aplikaci selenu do půdy V maloparcelkovém pokusu s bramborami byly aplikovány zvyšující se dávky selenu do půdy a po sklizni byl sledován obsah selenu, fosforu a síry v syrových hlízách a v nati brambor. Ke sledování byla použita poloraná odrůda Ditta a pokus byl prováděn na dvou lokalitách -Žabčice a Valečov. Selen byl aplikován ve formě seleničitanu sodného do půdy před výsadbou brambor v dávkách 0, 12, 24, 48 a 72 kg Se . ha . Ze zjištěných výsledků je zřejmé, že cílenou suplementací selenu do půdy je mož-né navýšit jeho obsah v rostlinách brambor, a tím zajistit vyšší příjem selenu u obyvatelstva. Bylo také zjištěno, že aplikace selenu ovlivňuje obsah fosforu a síry v rostlině. selen, dávky, brambory, fosfor, síra, interakce
